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Summary. The gene frequencies of haemoglobin A (HbA), HbS and HbC were studied in 
Burkina-Faso (BF) and in a neighbouring region of Niger, Ayorou. The frequency of HbS 
was higher in the Saherregion, (northem part of BF and Ayorou) than in the Savanna region. 
The reverse was true for the HbC gene. The major findings of this study are: (a) confirmation 
of a peak of HbC gene frequency in the central region of BF (Mossi plateau); @) a possible 
negative correlation between the frequencies of HbS and HbC-Cavalli-Sforza and Bodmer 
have observed that this correlation is at a significantly different level from that expected 
because of the allelic relationship between HbS and HbC; (c) comparison with the data 
collected by Livingstone shows a modification in the fitness of the different genotypes in the 
last thirty years: AS individuals have a lower and AA and SS a higher fitness. Our data 
favour a partial selection relaxation in this region. 
1. Introduction 
Burkina-Faso (Upper Volta) is a landlocked country in West Africa surrounded by 
the Niger river. It has an area of about 270,000 km2 and a population of about 63 
million. The country is made up of different ethnic groups, and their geographic 
distribution is linked to the history of Burkina Faso (BF). Various climatic regions exist, 
related to rainfall. The southern part of the country is savanna and the north is semi- 
desert sahel. Falcipamm malaria is widespread throughout the country. 
The object of this study is to establish the phenotype and gene frequencies of 
various haemoglobinopathies in Burkina Faso and in a neighbouring region of Niger 
(Ayorou). The prevalence of genes for abnormal haemoglobins in areas endemic for 
fakiparum malaria has been suggested to be due to balanced polymorphism (for 
reviews see Allison 1964, Livingstone 1971, Motulsky 1975, Luzzatto 1979). 
' 
2. Methods 
Blood samples collected by finger-prick into heparinized tubes were obtained in 
three regions of BF and one town (Ayorou) of the Republic of Niger located near the '' 
northeastern border of BF. Table 1 gives the characteristics of the villages and towns 
studied, including regional location, climatic area and major ethnic groups of the 
inhabitants. The samples were obtained during an epidemiological survey on rural 
malaria; hospitalized patients and those seen in the outpatient clinic were excluded 
from the study. Oral informed consent was obtained from the parents of the children 
and from the adults. 
2. I Haemoglobin studies 
Centre Muraz (Bobo-Dioulasso). With this method some abnormal haemoglobins 
could not be detected; ß-thalassae&ia was not studied. 
All samples were electrophoresed in Helena cellulose acetate plates at pH 8.6 in . 
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Prevalence and density of malaria parasites were determined by the thick-smear and 
thin-layer techniques. At least 200 fields were examined for malaria parasites before a 
slide was considered negative. 
2.2 Genetic and statistical analysis 
frequency comparisons. 
Gene frequencies were estimated by the counting method. The 2 test was used for 
3. Results and discussion 
Table 1 shows the prevalence of genotypes AA, AS, AC, SC, SS and SC and the 
frequencies of the ßA, ps and ßc genes. The same table also gives the data recently 
reported by Labie et al. (1984) concerning Burkina Faso. 
Our data confirm that there is a frequency peak of the pc gene in the central region 
of BF (plateau Mossi) as noted by many authors (Sansarricq, Marill, Portier and 
Cabannes 1959, Livingstone 1967). From there the frequency decreased in .hl1 
directions. The frequency of the ßc gene is lower in many populations of the northern 
region of BF, in Ayorou (Niger and in two population samples we studied in Mauritania 
and in Lome (Benin). The frequency of pc in these two latter populations is respectively 
0.21 and 0.054, and the frequency of the 0s gene is 0.030 and 0.079 (unpublished 
data). 
Two-by-two statistical comparisons of the gene frequencies of the population 
reported in table 1 are given in table 2. Keeping in mind the great number of 
comparisons, we suggest that differences are statistically significant if p <0.01. There 
are some discrepancies between our data and those of Labie et al., but the ethnic groups 
studied are not always the same. The three populations of the central region of BF do 
not differ. The populations of Boule1 and Ayorou are very similar, and differ from all 
the other populations. Most of the differences observed can be explained by the ethnic 
origin of the populations, but genetic drift and/or sampling errors can also account for 
some statistical differences. 
Considering the gene frequencies reported in table 1, we found a negative but not 
significant correlation (r= -0.45; p <0.10) between ßs and ßc. This negative 
correlation was previously reported by Allison (1956) and by Cavalli-Sforza and 
Bodmer (1971). For these authors the correlation observed (r= - 0-20) is different from 
that expected because of the allelic relationship between S and C. The figures in table 3 
are obtained by computing the Hardy-Weinberg expectation for each population and 
summing over all the populations. Despite the discrepancy between observed SS 
individuals and the expected result, the difference is not significant (the 2 for the total 
data is 10-63 with 5 degrees of freedom; p <O-  10). The deficit of SS individuals can be 
partly explained by the exclusion of patients from the study. But if we consider only the 
SS phenotype the difference is significant (p<O.Ol). We also note a slight but not 
significant excess of AS heterozygotes. By contrast, Cavalli-Sforza and Bodmer (1971), 
analysing the data from West Africa collected by Livingstone (1967), found a significant 
deviation from the Hardy-Weinberg equilibrium. They suggest the following order of 
fitness values: AS>AA, AC>SC>SS, with the fitness of CC homozygotes being 
anywhere in the range above that of SS and SC. Our data and those of Labie et al. 
suggest the following order: AS>(?) AA, AC, CC, SC>SS; the fitness of CC 
homozygotes is, as in the previous study, in the range above that of SS. 
The comparison of the two sets of data is in favour of a partial selection relaxation 
in this region of Africa. In order to test this hypothesis we studied: 
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Table 2. ‘lko-by-two comparisons of the gene frequencies (x2 test). 
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Stalistical significann: NS=not significant, l p<O.OS, " p<O.Ol, '** p<O.oOI. 
Statisdcal significance: NS-not significant, l pcO.05, ** p<O*Ol, l ** ~(0.001. 
Table 3. Observations of Haemoglobin A, S, C genotypes and Hardy-Weinberg expectations (see text). Computation of fitness (observed) expected 
frequencies and standardized fitness considering AS fitness equal to 1. 
Genotype AA ss CC AS AC SC 
Data collected 
by Livingstone Observed 25,314 61 108 5482 1737 130 
and analyzed Expected 25,615*5 .306*87 74.69 4967.2 1768.6 165.01 8 
by Cavalli-Sforra Fitness 0.991 0.218 I.466 I.104 O-982 0.788 3 
and Bodmer Standardixed fitness 0.89 0.20 1.31 1 0.89 0.70 B 
z 
Data given Observed 3298 1:.2 46 456 672 42 in table 1 Expected 3303 * 5 41-o 433.2 682.3 41.6 3 Fitness O-998 0.291 l-122 ‘. 1.053 0.985 I.010 B 
Standardized fitness 0.95 0.28 1.07 1 0.94 0.96 g .-. 
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1. the Plasmodium fakiparum parasitaemia in AA, AS and AC individuals, malaria 
2. the prevalence of these three genotypes according to age-rise in the prevalence with 
being responsible for the AS heterozygote advantage; 
age of AS and AC individuals is expected in case of heterozygote advantage. 
Cot, (1989) found no significant difference in the density of l? falc$amm densities 
among AA, AS and AC individuals in Ayorou. The same is true among the inhabitants 
of Dandé. In this town the prevalence of parasite densities higher than 1000/m3 in 
children below two years of age was 42% in the 106 AA children and 39% in the 18 AS 
children. If we consider the children under 6 years, these proportions are respectively 
38% (n= 175) and 31% (n=31). These difference are not statistically significant. Labie 
et al. made the same observation in Donse and Oursi (BF). 
In tables 4 and 5 the frequencies of AA, AS and AC individuals in the population of , 
Dandé and Ayorou are given according to age. Like Labie er al. in the same region, we :- 
observed no significant variation in the frequency of AS individuals with age. For the 
frequency of AC individuals we noted no variation in Dandé but we observed a low 
frequency of AC children in the O-2-year age group in Ayorou. Au these data are in 
favour of a partial selection relaxation. 
Table 4. Freauencv of AA. AS and AC individuals according to aae in Dandé (BFh 
AA AS AC 
Age group (years) % (4 % (n) % (n) Total 
<2 70.2 (loa) 12 (18) 17.8 (27) 151 
17.2 (14) 81 5-9 72.8 (59) 10 (8) 
2 9  69-5 (128) 14.1 (26) 16.4 (30) 184 
Total 70 (362) 12-8 (66) 17-2 (89) 517 
17-9 (18) 101 2-5 68.3 (69) 13-8 (14) 
Table 5. Frequency of AA, AS and AC individuals according to age in Ayorou (Niger). 
AA AS AC 
Age group (years) % (n) 070 00 % (n) Total 
-=2 85.5 (89) 11.6 (12) 2.9 (3) 
2-5 73-0 (120) 15.8 (26) 11.0 (18) 
5-9 78.6 (151) 12.5 (24) 8-9 (17) 192 
2 9  74.3 (78) 13.3 (14) 12.4 (13) 105 
Total 77.5 (438) 13.4 (76) 9-1 (51) 565 
These results should be compared to recent studies in Africa because many changes 
have occurred in this region in the 20 years that have elapsed since the first studies of 
Allison (1954, 1956, 1964). In 1979 in Nigeria, Fleming, Storey, Molineaux, Iroko and 
Attai observed an increase in the frequency of AS individuals with age. l? fakiparum 
density was less in these individuals up to age 3 years in the dry season only. Carnevale, 
Bosseno, Lallemant, Feingold, Lissouba, Molinier and Mouchet (1981) in the Republic 
of Congo, and Saurin (1984) in Senegal did not observe an increase in AS individuals 
with age. Bernstein, Bowman and Kaptue Noche (1980) in Cameroon, and Carnevale et 
al. (1981) found no significant difference in mean positive parasite counts in AA and AS 
children. 
The discrepancies among these recent studies are difficult to explain, but some 
differences are related to: 
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1. the genetic background of each population (frequency of the different 
haemoglobinopathies, of a-thalassaemia, of the /3 region haplotypes associated with 
ps mutation); 
2. the improvement in medical care (many individuals are now treated by anti-malarial 
drugs). This fact could mask potential genetic factors in favour of resistance to 
malaria. 
Conclusion 
Our data confirm the high frequency of the pc gene in the central region of Burkina 
Faso and the possible negative correlation between pc and ps in this area. 
The comparisons of genotype distribution are in favour of a partial selection 
relaxation in this part of Africa. 
In the future the complex relationships between l? falciparum malaria and the 
sickle-cell gene should be reappraised according to the epidemiology of the disease, the 
genetic background of the population, the level of medical care and drug resistance of 
I! fakiparm. 
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R&um& Les fréquences géniques des hémoglobines A (HbA), HbS et HbC. ont été étudiées au Burkina- 
Faso (BF) ainsi que dans une région avoisinante due Niger: Ayorou. La Fréquence d’HbS est plus élevée 
dans le sahel (nord du BF et Ayorou) que dans la zone de savane. L’inverse est trouvé pour HbC. Les 
résultats essentiels de ce travail sont: (a) la confirmation d’un pic de la fréquence génique de HbC dans le 
centre du BF (plateau Mossi); @) une corrélation négative entre les fréquences de HbS et HbC. Cavalli- 
Sforza et Bodmer ont observé que cette corrélation atteint une intensité significativement différente de celle 
qui est attendue, par suite de la relation allélique entre HbS et HbC; (c) la comparaison de ces résultats avec 
les données rassemblées par Livingstone montre une modification de la valeur sélective des différents 
génotypes au cours des demikres années. Les individus AS ont une valeur sélective plus basse et les AA et SS 
en ont une plus haute. Nos données sont favorables B I’hypothbe du relachement partiel de la sélection 
dans cette région. 
- . 
Zusammenfassung. In Burkina-Faso (BF) und einer benachbarten Region in Niger, Ayorou, wurden die 
Genfrequenzen von Hämoglobin A (HbA), HbS und HbC bestimmt. Die Frequenz von HbS war in der 
Sahelregion (nordlicher Teil von BF und Ayorou holher als in der Savannenregion wiihrend die Frequenz 
des HbC Gens eine gegenläufige Tendenz aufwies. Die wichtigsten Ergebnisse dieser Studie s ind (a) die 
Bestätigung eines miiglichen negativen Korrelation zwischen den Frequenzen von HbS und HbC - Cavalli- 
Sforza und Bodmer haben beobachtet, daR diese Korrelation auf einem signi6kant anderen Level existiert 
als auf dem nach den Beziehungen zwischen HbS und HbC zu erwartenden; (c) ein Vergleich mit den von 
Livingstone gesammelten Daten zeigt eine Modifikation der Fitness der verschiedenen Genotypen in den 
letzten 30 Jahren: AS-Individuen haben eine geringere, AA- und SS-Individuen eine hbhere Fitness. Die 
vorliegenden Daten sprechen fiir die Annahme eines partiellen Nachlassens des Selektionsdrucks in dieser 
Region. 
